To innovate, firms constitute a 'knowledge-capital', defined as a set of information and knowledge produced, acquired and used in the value creation process. In this paper, we focus on small and medium-sized companies (SMEs) and study their ability to develop their own knowledge-capital as well as their role in the formation of larger companies' ones. We show that while the ability of SMEs to build a strong knowledge-capital remains weak (mainly due to fewer resources), SMEs play an important role in the continuous enrichment of larger companies' ones. At the same time, their strength within larger firms' innovation networks largely depends on their ability to develop and reinforce their own knowledge-capital.
Introduction
To innovate, firms constitute a 'knowledge-capital' , defined as a set of information and knowledge produced, acquired and used in the value creation process. In a context of global competition, the development of a firm's knowledge-capital mostly relies on the cooperation that the firm may establish with other large and small companies and/or with other organizations like institutions of academic research and institutions supporting innovation. The construction of the knowledge-capital thus takes place into innovation networks.
The issue of the construction of a firm's knowledge-capital, integrating the creation of absorptive capacities and the development of open innovation strategy is mainly studied for big companies (Lee et al. 2010; Spithoven et al. 2010; Parida et al. 2012 ). Due to fewer human and financial resources, small and medium-sized companies (SMEs; defined as an individual company with no more than 250 employees and a turnover that does not exceed 50 million euros or 43 million euros balance sheet according to the European Commission) usually record weak performances in terms of research and innovation. However, innovation has nowadays become a competitive stake, and both SMEs' place in the productive system of economies (SMEs represent, according to Eurostat, more than 99% of the total number of companies in Europe) and their role in economic growth and innovation, as stated by many academics since the publication work of Schumpeter (1950 Schumpeter ( , 1983 , justify to study their strategy. Hence, in this paper, we focus on small and medium-sized companies in order to put forward firstly their own strategy of knowledge-capital building and secondly the place and role they play in the constitution of large companies' knowledge-capital. How do SMEs manage to constitute their knowledge-capital? What are their relations with large companies in this matter? To answer these questions, we conducted a literature review (mainly in economics and innovation management) in order to catch the main tendencies of SMEs' behaviours regarding these topical issues in innovation management.
The structure of the paper is as follows. In the first part, we come back to the definition of the concept of knowledge-capital. We put forward its theoretical foundations as well as two major concepts that show its topicality: the development of absorptive capacities and the tendency towards open innovation strategies. In the second part, based on our literature review, we focus on SMEs' strategies of knowledge-capital building, underlining their behaviour and performance in terms of absorptive capacity and of open innovation strategies. In the third part, we show that SMEs play important roles in the innovation networks built by big companies, both in terms of knowledge-capital formation and valorization.
The knowledge-capital: definition and formation
Definition and theoretical foundations
We can define knowledge-capital as the set of scientific and technical knowledge and information produced, acquired, combined and systematized by one or several firms for productive purposes (Laperche 2007) . Knowledge-capital (see Figure 1 ) refers to the accumulated knowledge of one or several linked firms (embedded in the individualsknow-how -machines, technologies and routines of the enterprise), which is continuously enriched by information flows and which is used in the production process or more globally in the value creation process. Thus, it is a dynamic concept -a process -that defines the knowledge accumulated by one or several firms, continuously enriched and combined in different ways and eventually used or commercialized. This productive aim -the creation of value -is the main characteristic, which turns knowledge into 'capital'. : Scientific and technical information feeding the knowledge stock of the enterprise : Utility and objectives of the knowledge-capital : Diffusion of a part of the scientific and technical information constituting the knowledge-capital Figure 1 The knowledge-capital. Adapted from Laperche (2007) and .
The information collected on markets (through intelligence strategy, access to patent information, purchase of technology, partnerships and signature of licensing contracts, etc.) is integrated into the knowledge stock through learning processes which are basic in the transformation of information (flow) into knowledge (stock). The use of the knowledge stock depends on market and production opportunities and on the degree of maturity of the existing technologies.
A firm may use its knowledge-capital in a value creation process by:
-Simply selling this knowledge base to another enterprise (e.g. the selling of a computer program). Thus, the knowledge-capital (embodied in the software) is transferred to another enterprise, which can use it in its production process. -Using this knowledge-capital in its own production process. In this case, the knowledge-capital can be considered as a means to produce or to improve goods and services and as a tool for reducing the production process completion time.
Theoretically, the notion of knowledge-capital is based on the definitions and/or on the economic developments of three key concepts/notions: knowledge, firm and capital.
The economic analysis of knowledge has changed over time. Neoclassical economists first considered technical progress as exogenous and knowledge as a public good, notably characterized by its non-appropriability. As for technical progress, the firm has also long been considered as a 'black box' and did not very much catch the contemporary economists' eyes. After the Second World War, the firm has become a complete object of study, place of production of new knowledge (Penrose 1959 ) and symbol of modern capitalism (Galbraith 1967) . The interest that arose not only from the work of Schumpeter (1950 Schumpeter ( , 1983 on the role of innovation in economic dynamism but also from that of Solow (1957) on residual technical progress and economic growth gave birth to a new analysis aiming at explaining the origin of innovation and of knowledge. The evolutionist theory and the resource-based approaches stress the learning processes that are at the origin of the firm's routines and of their technological trajectories and put forward the double nature of knowledge, codified and tacit, which makes its appropriability possible (almost in part) (Nelson and Winter 1982; Dosi et al. 2000) . The new growth theories have taken account of those new developments and associate public intervention to the market as a place of allocation and appropriation (intellectual property rights, routines) of fundamental resources to growth.
The notion of knowledge-capital is built on these main evolutions in the analysis of knowledge and firm, but it does not forget the crucial contributions of early authors. The developments of classical economists already stressed the collective nature of production and of innovation. Smith (1976) considered the technical and social division of labour as a means to increase the productive and innovative power of labour. Say (1996) analyzed the links between the scientist, the entrepreneur and the worker. Marx (1977) showed how production is based on the combined workforce -appropriated by capital -of the collective of workers. The notion of knowledge-capital also borrows from the classical economists' dynamic conception of capital. In this approach, capital is not only a stock of resources available for production, but it is a process that indicates the constant renewal and the productive use of this stock. To sum up, knowledge-capital is fed by modern or more ancient approaches of knowledge creation, coordination and diffusion.
Knowledge-capital also aims to integrate the value creation process -which can take, for instance, the form of the production and diffusion of a new machine. The aim of value creation determines the integration of information in the knowledge stock, the combination of information and knowledge, the codification of tacit knowledge and the diffusion of knowledge. With this particular focus on the aim -the value creation process -we also reintegrate in the analysis the tensions linked to the relations of power existing between firms of different sizes and strengths and that particularly occur in the current context of constitution of the knowledge-capital.
Absorptive capacity and open innovation strategies: two main concepts describing the formation of the knowledge-capital
The most recent developments insist on the absorptive capacity and the role of external knowledge and notably on the way firms capture external information in their environment to transform it in their own knowledge. Knowledge production and innovation are thus considered as collective processes and are built within complex innovation networks (Laperche et al. 2008 (Laperche et al. , 2010 .
Dynamic capabilities and absorptive capacity
The literature on the management of innovation (evolutionist theories and more globally resource-based theories) has emphasized the role of dynamic capabilities. The capabilities to develop and renew the specific resources and assets gathered into organizational routines are named 'dynamic capabilities' by Teece et al. (1997) . They refer to 'the firm's ability to integrate, build and reconfigure internal and external competences to address rapidly changing environment' (ibid, p. 516). These capabilities may concern the creation of new knowledge or the abandonment of certain activities which are no more profitable.
Among these, 'absorptive capacity' is central in our understanding of knowledgecapital formation, being a prerequisite for its formation. Absorptive capacity was firstly defined by Cohen and Levinthal (1990) as the ability of a firm to recognize the value of new, external information, assimilate it and apply it to commercial ends. Some authors have redefined the concept through the distinction between a potential absorptive capacity and a realized absorptive capacity and identified four dimensions: acquire, assimilate, transform and exploit (Zahra and George 2002) .
The literature of absorptive capacity mainly deals with its management as well as its impacts on innovation and on business performance. It is considered as an essential capacity to build competitive advantages over competitors in a context of growing open innovation. In an open innovation process, a firm builds up its knowledge-capital through dynamic knowledge management of its 'knowledge capacities' which Lichtenthaler and Lichtenthaler (2009) define as a firm's critical capabilities of managing internal and external knowledge: inventive, absorptive, transformative, connective, innovative and desorptive capacities. These six capacities are linked through three knowledge processes -knowledge exploration, retention and exploitation -performed either internally or externally. The combination of these capacities used by firms can explain their difference in knowledge trajectories, alliance strategies, organizational configurations and innovation performance.
Towards open innovation
The management of innovation activities within firms has been changing over time. The first research and development (R&D) laboratories were developed within big companies at the end of the nineteenth century and at the beginning of the twentieth century (Liebig in Germany, General Electric in the USA), and then became a major component of their organization. During the twentieth century, the innovation activities of firms were supported by the States which, in the Organisation for Economic Co-operation and Development (OECD) countries, accounted for more than 70% of gross domestic expenditures on R&D (GERD) up to the end of the 1970s (30% on average today). The innovation model was qualified as 'linear': the stages of R&D were performed successively and at different places (basic research was executed in universities and in research centres, and applied research and technological development within enterprises).
At the early 1980s, when the mass production and consumption model reached its limits, innovation has become the engine of competition between firms implementing global strategies. This period is also characterized by the development of the 'open innovation' paradigm which means that 'valuable ideas can come from inside or outside the company and can go to market from inside or outside the company as well' (Chesbrough 2003, p. 47) . According to the author, the development of this model is linked to several changes: a growing mobility of highly skilled workers, the growing presence of venture companies, new possibilities offered to market internal ideas and the increasing capabilities of external suppliers. In this model of open innovation, the creation of knowledge and the whole innovation process proceeds through feedbacks between R&D, design, production and commercialization. In this chain-linked model (Kline and Rosenberg 1986) , the genesis of innovation results from systemic links between knowledge and the market. The open innovation strategies put forward the growing importance of networks, within which the knowledge-capital is built.
The tendency towards the collective constitution of knowledge-capital is gaining ground in the context of economic crisis and particularly in large companies . As a matter of fact, collaborative research gives firms the possibility to reduce the cost and risk of innovation development. At the same time, it provides new opportunities for them to renew their supply, finding new technological paths and thus opening new markets. Companies collaborate at all stages of the innovation process (from design to development of new goods and services) and with multiple partners. The objectives (viewed here from the large companies' points of view) are diverse as shown in Table 1 .
The open innovation approach is complementary to the research on the systemic nature of innovation processes (Huizingh 2011) . Since the term has been coined by 1. The first is known as inbound or outside-in open innovation which refers to the exploration and the integration of external resources for internal knowledge development. The inbound process can be further broken down to four paths: technology scouting, horizontal technology collaboration, vertical technology collaboration and technology sourcing (Parida et al. 2012 ).
2. The second process is known as outbound or inside-out open innovation process that exploits externally the technology capacities through various paths of commercialization: intellectual property licensing, technology multiplying or spin-offs. It is often accompanied by the development of a corporate innovation ecosystem (see, for example, the analysis of Rohrbeck et al. (2009) on the innovation ecosystem built by Deutsche Telekom or the case of IBM Corporate Venture Capital). 3. The coupled process which mixes the outside-in and inside-out processes while dealing with different partners engaged in the same R&D project.
The degree of openness of companies to outside resources of innovation also appears to be linked to the product life cycle. According to Laursen and Salter (2006) , at the beginning of the product life cycle where technology is at an immature state, firms need to depend on a small number of knowledge holders. With the technology becoming more and more mature, they can scan in large scale for technologies and combine various sources for internal knowledge development. Moreover, innovative firms are more keen on using open innovation approach than the non-innovative ones (Huang and Rice 2009; Esbjerg et al. 2012) .
The empirical research on absorptive capacity and open innovation capacity has mainly emphasized the behaviour and performance of large companies (Lee et al. 2010; Spithoven et al. 2010; Parida et al. 2012 ). However, many recent works have focused on SMEs. We study them in the next section.
The knowledge-capital of SMEs
To study and try to characterize the knowledge-capital of SMEs, we rely on the literature on absorptive capacity and open innovation, considered above as an important current analytic concepts to study a firm's knowledge-capital. What is the absorptive capacity of SMEs?
While being a multidimensional concept, the measure of absorptive capacity has remained mainly based on R&D proxies, that is to say R&D inputs (notably R&D intensity) and outputs (especially patents), even if some recent works try to improve this measure by including new criteria (Flatten et al. 2011) . In this perspective, the 'Innovation Index' of the European Commission measures the innovation efforts by the R&D and non-R&D investments linked to the firms' innovation activities, the in-house and collaboration efforts between innovative SMEs and public-private research collaboration and the generation of IPR as a throughput in the innovation process (including PCT applications, community trademarks and community designs). To a larger extent, some researchers also use knowledge management and organizational responsiveness as criteria (Liao et al. 2003; Som et al. 2013) . Although the measure of such qualitative factors requires specific empirical qualitative research, traditional indicators give us some insights into the way SMEs perform in terms of absorptive capacity. Due to their weaker human and financial resources (compared to large companies), SMEs represent only a fraction of the business R&D and patent filing in the countries of OECD. The issue that whether the absorptive capacity differs according to the firm's size does not seem to catch the interest of researchers. More generally, they study the relation between the absorptive capacity and the 'innovativeness' of firms (whatever their size). Three observations can be drawn: First, regardless of sector and size, the absorptive capacity depends on the minimum threshold size of the research team and the cognitive limits of firms (Pavitt 1998) . Second, the absorptive capacity also implies that firms need to know where to find new knowledge and how to assimilate it. Here again, regardless of their size, firms who search widely and deeply are likely to be more innovative. However, the benefits of openness will increase to a point from which any additional search will become unproductive (Laursen and Salter 2006) . Third, the absorptive capacity is path dependent, which means that the previous experience and knowledge of an individual firm can influence its use of new knowledge. Hence, firms can increase their ability to exploit external knowledge by stimulating internal knowledge sharing (Schmidt 2005) .
Empirical research mostly focuses on the absorptive capacity of SMEs in two aspects: the role of absorptive capacity in the enhancement of SMEs' performance and the determinants of absorptive capacity of SMEs. On the one hand, absorptive capacity has a positive impact on an SME's organizational responsiveness to its environment (Liao et al. 2003) . Absorptive capacity can help an existing SME to upgrade its innovation capacity. Somfy, a French mechanic SME, reinvents through integrating new knowledge into its internal learning processes b . On the other hand, the internal management of knowledge of an SME plays a determining role on its absorptive capacity. The management of knowledge within SMEs will influence the formation of their absorptive capacity in three ways: the organizational knowledge including skills, knowledge and experiences processed by the firm which impacts the accumulative ability; the organizational routine on which the innovation trajectory depends; and the social integration mechanism which determines the ways that knowledge is diffused and shared (Vega-Jurado et al. 2008) . Based on these observations, we can find that more specifically, two elements -one internal and other external -can influence the capacities of SMEs to exploit new knowledge developed outside the firm as well as prior related knowledge within the boundary of the firm. On the one hand, the number and the quality of R&D personnel of SMEs can have a direct impact on the internal capacity of SMEs to absorb the knowledge acquired and to create new ones. Thus, in order to access and to exploit the knowledge of outside partners, SMEs need to have qualified R&D personnel and to continuously invest in human resources (Muscio 2007) . On the other hand, as the absorptive capacity is also considered as a pre-condition to open innovation, technology intermediaries play an important role to help SMEs build up their ability to cope with the knowledge searching and exploitation during the inbound open innovation process (Kodama 2008; Spithoven et al. 2010) .
SMEs' open innovation strategies
Small businesses are traditionally less active than large companies in innovative activity, in the production of internal resources and in the access to external ones. In Europe, 9.5% of innovative SMEs cooperate with other partners. Cooperation is higher in the leading innovative countries (Denmark, Finland, Germany, Sweden, Switzerland and the UK) than in other countries (European Commission 2013).
The research on open innovation mostly deals with large companies, even if an increasing number of papers put forward the positive aspects of implementing open innovation strategy for SMEs (Gassmann and Keupp 2007; Lichtenthaler 2008a, b; Van de Vrande et al. 2009 ). The most innovative SMEs are implementing open innovation strategies, as it is the case in biotechnology (Gassmann and Keupp 2007) . For them, commercializing their technologies is one of their core competencies and provides a means of rapid growth. They privilege flexible forms, and their main aims are to access markets and to improve the marketing of their products, even if access to new knowledge is also a stated objective. Moreover, empirical studies led in Germany and the Netherlands (Lichtenthaler 2008a, b; Van de Vrande et al. 2009 ) show that mediumsized but also smaller businesses in industrial or service sectors are more and more open to cooperation, in search for external sources of knowledge. The latest data shows that the collaboration of European innovating SMEs is growing at an annual rate of 7.8% and becomes a driving force of the EU innovation performance (European Commission 2013).
For SMEs, the reasons for relying more on external sources of knowledge are the same as for larger companies. The competition based on innovation intensifies, and the product and technology development process accelerates. It thus becomes more and more difficult for SMEs to develop new product and technology by themselves (Bianchi et al. 2010) . Globalization is identified as another force that pushes SMEs to transform their business models in order to increase their innovativeness (Narula 2004) . Some SMEs build their knowledge base gradually through incremental or disruptive innovation from the domestic market. Others take a more radical approach and build innovation capacities that allow them to target the international market directly (Lee et al. 2012 ). The open innovation approach thus allows SMEs to build up knowledgecapital by adopting external technology (Grönlund et al. 2010; Lichtenthaler 2008b) or through combining the external technology and competence with existing internal research and innovation capacities (Christensen et al. 2005; Kogut 2000; Lichtenthaler 2008a) .
In terms of the management of innovation, SMEs use differently the open innovation approach from large companies (Chesbrough and Crowther 2006; Lichtenthaler 2008a; Parida et al. 2012 ). Due to their natural limitations in terms of financial resources and technological capability linked to their small size, SMEs use less structured innovation strategies and are often specialized on one family of knowledge. For example, in France, Huet and Lazaric (2008) showed that cooperation remains marginal within SMEs and when such cooperation occurs, it concerns companies having a similarity of skills (or a low cognitive distance) and of absorptive capacity. In general, SMEs more frequently use collaboration and the inbound open innovation process while large companies have more collaborative partners and different channels of open innovation (Vanhaverbeke et al. 2012; Parida et al. 2012) . The inter-organizational network or technology intermediaries are potential knowledge pools where SMEs can seek new technologies for radical as well as incremental innovation.
SMEs are confronted with managerial and organizational difficulties, with problems of efficiency and synergies between marketing and R&D (Bughin and Jacques 1994) and with limited technical information and know-how which constrain their innovation capacities (Muller 2001) . Hence, SMEs more and more rely on innovation networks to build up their knowledge-capital. As a consequence, there is a growing concern on the structure and the governance of research and innovation consortia of small and/or medium-sized firms (Lambert and Schaeffer 2010; Levy et al. 2012; BearingPoint France SAS, Erdyn, Technopolis Group-ITD 2012; Gardet and Fraiha 2012) . Public policy has a significant impact on the relational pattern of collaborative innovation of firms. While a large sectoral heterogeneity among actors can lead to a lower probability of networking, the presence of specialized intermediaries increases the collaboration, notably between firms and universities (Caloffi et al. 2013) .
Indeed, relations with universities or other public technology facilities represent also an important source of knowledge to SMEs. However, interactions between SMEs and universities are subjected to national differences. In the UK, SMEs consider the universities as sources of radical innovation and engage more in a horizontal collaborative relationship with them. In comparison, relationships between US firms and universities are more vertical supply chain-linked as the latter are considered as one of the many suppliers of technologies (Huggins et al. 2011) .
Collaborations between small firms and large companies also exist. In that case, the small business participates to the large company's strategy of knowledge-capital formation. All these forms of cooperation often take place within clusters, defined by Porter (1998) as 'geographic concentrations of interconnected companies and institutions in a particular field'. Within clusters, SMEs may benefit from proximity which create an 'industrial atmosphere' , source of knowledge externalities and collective learning that may contribute to the development of their absorptive capacity and thus of their knowledge-capital. However, other forms of networks may exist, based on other forms of proximity (organizational, social, cultural, cognitive and institutional forms) (see Boschma 2005; Boutillier and Uzunidis 2010) which may also enhance the SMEs' knowledge acquisition (Davenport 2005) .
When the geographic concentration of activities only concerns small companies (like in some industrial districts) (Becattini et al. 2009 ), these small firms can reinforce their knowledge-capital by sharing and constituting new knowledge and value it collectively or individually through innovation. This kind of networks may help small companies face the competition of large companies through specialization on specific segments of markets (as in craft industry for example). Through geographic clusters and other types of networks gathering SMEs, these ones may also specialize in technological niches (specific components for example) that will eventually help them integrate the value chains of large companies. This latter point arouses some specific questions, related to the stakes, benefits and limits of the participation of small firms in the innovative networks built by large companies, which are particularly studied in the next section.
The place of SMEs in the knowledge-capital of large companies
Roles of SMEs in large companies' knowledge-capital
If we focus more specifically on the relationship between small and large companies, we shall put forward the contribution of small businesses (and more specifically the most innovative ones) in the large companies' knowledge-capital development and use. Indeed, as shown in Table 1 , large companies constitute innovation networks made of relationships with various actors. We also put forward in this part the main forms of relationships between small and large companies.
Inter-firm technological exchanges and the dynamics complementarities between large and small firms play complementary roles in technological innovation (Rothwell and Dodgson 1991) . Innovative small firms play key roles in innovative networks built by large companies, which we can divide into two main roles: (1) the contribution to large companies' knowledge-capital formation and continuous enrichment and (2) the valuation of the knowledge-capital, through notably the commercialization of technologies developed within the innovation networks.
Regarding the first role, groups implement intelligence strategies and have accessthrough their cooperation with SMEs -to innovative technologies and complementary skills outside their usual fields of research which they integrate into their knowledgecapital (inbound open innovation). However, this role of SMEs also depends on their stage of development. For example, according to Lambert and Schaeffer (2010) , within the automotive sector, start-ups are outside innovation opportunities that the large company will like to capture while the more mature SMEs act as an integrated part of a project where they can bring in specific know-how. Still, included in this first role, cooperation with small businesses also allows large companies to produce a product at a lower cost by increasing the speed of development.
Regarding the second role, SMEs are also channels for large companies to monetize their technology (outbound open innovation) as the latter increasingly adopts a 'use it or lose it' IP strategy. For example, Isobionics, a Dutch biotechnology start-up, is developed based on technology owned by DSM, a large Dutch chemical company (Vanhaverbeke et al. 2012, p. 78) . New technology-based firms (NTBFs) are another channel for big firms to commercialize patent or technology which may not fit with the corporate strategy or structure, such as companies spun-out from Xerox's Palo Alto Research Center (including 3Com, Adobe, etc.) by the individuals who left the company with technologies developed inside (Tidd and Bessant 2009) . In some other cases, large companies use small firms as a 'window' of new technologies in the emerging sectors such as CAD or biotechnology (Roberts and Berry 1985) .
To create links with SMEs, large firms use combined methods such as licensing, R&D or manufacturing subcontracting, collaborative development, joint ventures, spinouts or corporate venture (Rothwell 1989) . Indeed, one of the main forms of relations between small and large firms in innovative activity is that of investment in start-ups through venture capital. Corporate venture has grown strongly in the USA during the 1990s and has spread in Europe before being held back by the bursting of the bubble of the net economy in 2001: many of these investments were oriented towards the achievement of a financial gain. They have endured and still exist today (MacMillan et al. 2008) . The investors' objectives are various: large companies, when investing in small businesses, not only look for financial gain but also aim to develop, at a lower cost and with fewer risks, new technologies or seek to consolidate the group's activities (through, for example, the dissemination of a standard) (Chesbrough 2002) . This can be done through the acquisition of the start-up at the end of the financing period. In that case, the development cost of the acquired firm (and of its technology) has been shared between several investors, or it may also be achieved through the signature of partnership agreements (including licensing). In other words, for groups, investment in venture capital fits into their financial and technological strategy.
Many examples show the continuous interest of large companies in corporate venture programmes. For example, IBM seeks VC-backed companies for new technology and business models as well as new emerging markets (Brown 2012) . Saint-Gobain created in 2007 the NOVA External Venture programme to develop strategic partnerships with innovative SMEs in the fields of energy, services for the construction industry and cleantech. The aim is to facilitate the development of start-ups through licenses, joint development agreements, production or distribution agreements, joint ventures and minority investment -or any combination of these. PSA is developing a technology and service monitoring strategy particularly by technology co-investment funds which aims to support start-ups (EcoMobility Venture). Schneider Electric has a common venture capital fund (Aster Capital) with Alstom for the same aim and in the field of energy efficiency (Laperche and Picard 2013) .
Relations between groups and small innovative companies can also take pure partnership forms. Currently, some of these partnership programmes are initiated by companies themselves as demonstrated by outsourcing strategies. Big companies have been induced to concentrate on their core business, which by the way increased outsourcing strategies. Many small companies are thus the outcome of these outsourcing strategies. For example, Deutsch Telekom spins out new firms as an alternative path to commercialize R&D results while looks for new venture opportunities (Rohrbeck et al. 2009 ). However, the relationship between the parent company and the small business often continues, through partnership agreements.
Partnership agreements may also be signed in the framework of a national or international research programme, or within clusters, evoked in the 'SMEs' open innovation strategies' section. As a matter of fact, in industrial countries, industrial policy has shifted from reducing costs of production to the increase of managerial know-how and the intensification of links between firms. Such cooperation may concern SMEs notably through not only local production systems but also the relations between SMEs, large companies and public research (Viale and Etzkowitz 2010) . In France, for example, large companies often play crucial roles in the governance of clusters, as it is the case for Valeo, Saint-Gobain, Renault or PSA, where they initiate R&D programmes involving SMEs . Then, it is through research programmes at national and European levels or through clusters that SMEs are encouraged to work with large groups.
Limits of the integration of SMEs in large companies' knowledge-capital
For an SME, taking part to the innovation network built by a larger company may be an essential support for its technological product of process development since the small business may benefit from the financial, technological and marketing support of the big company. Taking part to an innovation network is thus a powerful means to be profitable and even sometimes to survive.
However, this type of collaboration may be difficult due to the unequal and asymmetrical power relation between the two partners. In case of conflicts, for example, dealing with intellectual property rights of products developed in common, the small business may be disadvantaged, due to its weaker resources. The 'cognitive distance' (Nooteboom 2000) between the small and big companies may also hinder the learning processes and be counterproductive. Due to their lack of negotiation power, collaboration with large companies to develop and commercialize new technology will increase the dependence of SMEs to generate value from their technology and thus limit the yield of their intellectual property (Katila et al. 2008; Vanhaverbeke et al. 2012) .
A study on French competitiveness clusters questions the clustering effect of innovation networks mainly led by big firms on the capacity building of SMEs. Sectorbased clusters allow SMEs to be better integrated to innovation networks and hence to access and share knowledge with large companies. However, the lack of clearly defined offers in terms of competence, cooperative process, access to market and funding (Bassot et al. 2008) , as well as the lack of coordination and coaching of SMEs engaged in R&D projects (BearingPoint France SAS, Erdyn, Technopolis Group-ITD 2012), limits the benefit that the SMEs can draw from collaborating with large companies. Moreover, the ability of SMEs to participate to several projects simultaneously is limited regardless of the nature of the projects in terms of the intensity of research or the sources of funding (Levy et al. 2012) .
Finally, cooperation sometimes leads to the acquisition of the small business by the large company. That means the disappearance of the small company. The integration of the small business within the bigger one may also lead to a lower creativity due to the different habits and routines of the two organizations. This is for this reason that General Electric, which massively bought small companies in the 1990s, abandoned the systematic acquisition strategy, and in case they integrate small companies in their huge organization, they try to let them some autonomy to preserve their creativity .
To reduce the concentration of knowledge and the vertical dependence to big companies, SMEs can eventually develop a horizontal network and share knowledge inside the same industry or between different industries. Lambert and Schaeffer (2010) used the case of the French competitiveness clusters in the electronic sector to show that by boosting its internal capacity to provide made-to-order technological solutions, an SME can become an essential actor in the production of knowledge needed for breakthrough innovation within a trans-industrial network. In other words, it is through the reinforcement of the knowledge-capital (developing absorption capacity and implementing open innovation strategies) that SMEs will be able to increase their negotiation power within innovation networks.
Conclusions
Even if small companies compared to larger ones record weaker performances in terms of absorptive capacity and implementation of open innovation strategy, they may increase their knowledge-capital through the combination of their strengths. This can give them the possibility to face the competition of big companies and specialize in specific niches. The most innovative SMEs also play important roles in the knowledgecapital of large companies. They indeed participate to its formation and continuous enrichment, and they also contribute to its valorization, through notably the commercialization of technologies developed within innovation networks. However, the participation of SMEs to innovation networks is not a way paved of roses since their negotiation power is often hindered by their weak resources.
For their own innovation strategy, as well as for the innovation performance in general, the reinforcement of SMEs' knowledge-capital is thus a priority. The research on the absorptive capacity of firms as a matter of fact underscores the importance of the internal capacity notably the R&D human resources of an individual firm to assimilate external knowledge. The intended public policy to support the innovation network built by firms can change the relational pattern of the SMEs, pushing them to collaborate in a stable way. This implies that the public policy should enhance the support to technology transfer and absorption and facilitate the development of technology intermediaries, adapted to the needs of SMEs. However, public measures to support innovation collaboration between SMEs and external technology providers such as universities should not be uniformed and need to adapt to the practice of knowledge management of local firms (Liu 2013) .
Our study was based on a literature review which gave us the possibility to identify the main conceptual categories useful to study and characterize SMEs' ability to build their own knowledge-capital and to join (and benefit from) innovation networks constituted by large corporations. It gave us useful keys of comprehension of the performance and behaviour of SMEs in terms of absorptive capacity and open innovation strategies. However, some interesting questions could be further developed in order to define adapted public policies aimed at reinforcing the knowledge-capital of SMEs. For example, the studies dealing with the absorptive capacity and open innovation strategies of SMEs handle distinctly high-tech industries and traditional industries. In consequence, we cannot compare the way that SMEs in different industry sectors benefit from open innovation process to build their internal capital. Studying empirically the strategies of small firms' knowledge-capital formation and valorization, as well as their place and role in innovation networks, will therefore be another step in our research. Another question which could be further developed is the management of SMEs' intellectual property rights within the innovation network. We may consider that the issue of the protection of small firms' knowledge assets is a key incentive (but currently still a limit) for their participation to innovation networks. Current researches on the subject mainly deal with large companies as well as the specific cases of small high-tech businesses or patent trolls. This is therefore another related work that will ensue from this paper. 
